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Introduction 
The importance of cotton and its products for the economy of 
Pakistan is obvious enoughs Cotton is the main cash crop of Pakistan., 
In fact,, it is ene-fourth of the value of the major crops of Pakistan 
and provides income to at least' 5 million people. It. is a raw material 
for the textile industry which is the single largest industrial activity 
accounting for k8% of the value-added of the large-scale manufacturing 
and 27% rf its employment. The value of the installed textile machinery 
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complex is around 15% of the total industrial investment in the country. 
Exports of cotton and its products constitute about a half of the total 
export proceeds of Pakistan. The final products of cotton, cloth and 
garments also play .an important part i n planning for a better1' standard 
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of l iving in Pakistan. After food and shelter, this is the^mast essential 
item of consumption and hence adequate domestic availability Of cloth 
assumes an important role i n public policy . Cotton and-its produdts have 
also been a major source of government revenues derived"by imposing excise 
duties and export taxes. 
The growth of textile industry since independence has- boon 
spectacular. The spinning industry which had only 7 8 , 0 0 0 spindles at the 
time of independence now comprisesof• 3*6 million spindles. Similarly, 
capacity of the large-scale, textile mills increased from 3 ) 0 0 0 looms in 
19^7 to 3 0 , 0 0 0 looms by 1971 -''972 but .has remained more or less the same 
. t i l l now* In fkct in 19^7 textile production was hardly sufficient to 
provide one yard of cloth per capita per annum but now the same has' 
increased twenty-fold for a much larger population. The exemption of 
capacity tax on k or less power-looms in 1967-68 led to a mushroom growth 
of units containing four or less ppwerlooms. According to the official ' 
estimates the. number of powerlooms i n this .sector are around 50 , 000 , ' 
producing 1250 million yard of cloth. - .•'..-.. '•-'"-• 
An important by-product of cotton, cotton seed, is also used in 
manufacture of edible o i l s . However, our model does not cover its 
production as the basic exogenous , variable of our model is ginned 
cotton. 
The monetary crises in developed countries, leading'"to a fall 
in international prices and the high and fluctuating export duties on 
yarn and cloth created serious problems for the textile industry* Since 
this industry is exportr-oriented, it exports for its survival and viability 
about 33% of yarn produced and 60% of cloth. At the time of low international 
prices huge stocks of yarn and cloth piled up and the large-scale mills were 
the victims of an acute l iquidity 'crises . The powerlooms units were also 
badly hit leading to the closure of 50% of powerlooms inKPunjab only. All 
this made it imperative to take a closer look at this industry because the 
future projections depend very much on its present state. 
The export, composition of cotton and its products show that we 
export cotton-more in raw. than in processed form ( i . e . Yarn, cloth e t c . ) . 
In 1960-1961 the exports of raw cotton and raw cotton equivalent of yarn 
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and cloth were 59-2^%, 28 .27% and 12.^8% respectively. This composition has 
remained more or less the same with slight variations. The FAO report / k / 
comparing the per pound value realised from exports of raw cotton, cotton 
yarn and cotton cloth show that the latter two, i . e . yarn'and cloth, have 
higher relative export values as compared to raw cotton. However, they 
point out that the export price of yarn and cloth did not cover their 
respective costs of production^ to a larger extent in the case of yarn 
^ FAO report / k / . However, the product and export mix of the industry 
has progressively moved in favour of coarser varieties, which is reflected 
in increasing output of yarn and cloth per spindle and loom, respectively 
(See Table FAO Report). 
^ The exporters of yarn and cloth were, however, compensated by the Export 
Bonus Scheme. 
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implying that as we move horizontally towards finishing activities this 
difference decline. It is interesting to note, however, that the difference 
between the per unit price of cloth realized and the cost of conversion of 
cotton into both yarn and cloth has been declining over time. 
The sort of export composition mentioned earlier may be reflection 
of the inherent imbalance found i n our textile industry where "spinning-
capacity exceeds weaving capacity while the bleaching, dyeing and finishing 
capacity aovers the need of- only 30 to kCP/o of the weaving Industry" / _ __/ 
The questions of optimal product mix, exports, employment and 
investment in the textile industry have therefore important policy impli-
cations.- In this paper an attempt will be made to answer these important 
questions through the implementation of a linear programming model, with 
multiple objective functions. The paper is structured in the following way. 
Section I describes the model structure. Section It discusses its empirical 
implementation... Section HE describes the characteristics of the different 
results . Section IV compares the results with the Planning Commission's 
estimates and explores the possibility of finding an acceptable solution. 
I n the concluding Section V, suggestions for possible improvements and 
extensions of the model are outlined. 
I . The Model: 
The basic model consists of 20(non-slack) activities and 12 
constraints. In the following we shall describe the mode in terms of these 
activities and constraints. The algebric formulation of the model and the 
values of parameters are given i n the Appendix. 
Yarn 
k Cloth. 
7 Export activities (1 raw cotton 
3 yarn, 3 cloth) 
5 (2 spinning, 3 weaving) 
The first four activities consist of producing three varieties of 
yarnCcoarse, medium and f i n e ) . The coarse variety of yarn can be produced 
i n two different ways, i . e,. through spinning by spindles or by the 'open-
end' spinning method employing rotors. The two a c t i v i t i e s . d i f f e r in terms 
of capacity and investment requirements and employment absorption. The 
three, activities producing different varieties of yarn through spindles 
also d i f fer among themselves in terms of capacity requirements for spind-
les and employment per unit of output since less of the finer varieties 
are produced per unit of time than the coarser variety. 
The next four activities are for producing three varieties of cloth 
(Coarse, medium and f i n e ) . It i s assumed that the large-scale mills can 
produce all three varieties of cloth but the small scale units can produce 
only coarse and medium varieties in certain fixed proportion of their 
total ouput. (Three different sets of proportion have been experimented with 
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all coarse cloth. 50% coarse cloth and 30$ coarse cloth) . 
1 I n this paper only the results based on the assumption that 50 per cent of 
the output of small-scale industries is of the coarse variety are reported. 
Production Activities. 
X ^ j • o o o o o o o o o ^ o o o . A ^ 
J o o o o o o o o o o n o o o 
Export Activities 
) o o o o o o o o o o c o o o 
y i? 
Capacity Expansion Activities 
Seven different export activities (or export products) have 
been postulated in the model. These are: raw cotton, the three different 
varieties of cotton yarn and the three different varieties of cloth. 
Although the production of the latter . s ix is endogenous to the model, < 
cotton production is assumed to be exogenously given. 
The last five activities are capacity expansion activities for 
( 1 ) spindles, ( 2 ) rotors, ( 3 ) imported looms and (k) domestically produced 
looms in large-scale mills and ( 5 ) domestically produced looms in small-
scale mills . It is assumed that large-scale mills can expand their capacity 
by installing both imported and domestically produced looms, whereas the 
small, scale industries install only domestically-produced looms. 
B_asic. Constraints 
A total of 12 basics constraints are imposed in the model. The 
first seven constraints are in the nature of balance equations for exogenously-
given amounts of raw cotton and endogenously-determined amounts of the 
different varieties of yarn and cotton cloth. The. next four basic constraint 
related to the capacities of spindles, rotors, imported and domestically-
produced looms, respectively. The outputs of the different end-products are 
restricted in such a way that they do not exceed in it ial capacities and the 
increments in them during the five-year period. The last constraint relates to 
the production capacity of the domestic looms industry during the five-year 
period. 
Additional Resource Constraints 
These constraints are not sufficient to ensure that a realistic 
solution in terms of aggregate resources ( e . go investment, export) would 
be obtained with any meaningful objective function. As stated earlier , 
the three objective functions i n terms of aggregate resources tried in the 
model were the minimization of investment and maximization of exports and 
employment. If any of these objective functions were used with the 12 
basic constraints mentioned above, they would produce implausible results 
in respect of the other two. Thus i f investment were minimised, exports 
would most l ikely be zero. On the other hand, i f exports or employment 
were to be maximized they would yield very high investment requirements. 
Thus in order to yield realistic results, certain resource constraints 
have to be applied. The specific nature of these constraints and the 
considerations behind them will be discussed in the next section. 
The purpose of the model is to get some idea of the optimal patter: 
of domestic production and exports for the cotton textile industry i n 
Pakistan. The choice elements in the model mainly consist of the following: 
(a ) What is the optimum composition of outputs and exports of 
different varieties of yarn and cloth ? 
(b) What is the optimum stage of processing for exports ? 
( c ) What is the pattern of investment •required to meet a given 
final demand ? . 
(d) What is the choice of techniques between spindles and 
rotors in spinning ? 
"(e) What is the role of the small—scale units in the industry, 
i« e'o how much and which varieties of cloth they are better 
suited to produce ? 
Each set of solution gives" a definite answer to these elements 
of choice. The answer of the model 'to these micro-level questions, is 
generally different for the three objective functions and for the different 
aggregate constraints imposed .This enables us to determine the trade-offs 
between the.different aggregate resources for achieving a given level of 
final demand. 
It is well-known that programming model like the present one 
produce rather rigid all-or-no thing type of results. To overcome this 
and yet retain the optimal characteristic of the solutions we have 
conducted sensitivity analysis on two aspects of the model v i z . export 
prices and the output mix of the- small-scale industries. There are a number 
of other directions in which similar sensitivity analysis could be conducted 
and these are pointed out in the last se.ction but we were prevented from 
doing so because of the need to save computer time. 
Objective Functions: Although the purpose of the three objective functions 
may seem obvious, a few words in justification and elaboration of them are 
perhaps, in order. The three objective functions reflect the most important 
policy concerns relating to the textile industry in Pakistan, since it 
constitutes such a large share in industrial employment and investment and 
in total exportso Another objective function that could also have been 
chosen is the maximization of to value added. However, in a previous 
effort to implement this model, the authors found it extremely difficult 
to estimate the value added coefficients for different stages and different 
varieties of products. This effort hao. therefore, to be given up- However, 
the results of this objective function are unlikely to be very different 
from those for the employment objective function. An important aspect of 
policy-making in regard to the textile industry that our model is unaole to 
capture is in regard to the geographical distribution of textile industries . 
For this , however, the model has to be reformulated not only with respect to 
the objective functions, but also with respect to variables and constraints 
so as to include transport costs of shipment of raw cotton and end-products. 
I I . Empirical Implementation 
The model is used to find optimal levels of : :production and exports 
in 1980-81 and investment in spinning and weaving during the period 1975-76 
and 1980-81. The model takes as given the output availability of cotton in 
1 
the terminal year net of exogenous demand for cotton for non-mill use. Yarn 
for availlary industries (hogury e t c . ) was assumed to be 115 m pounds, of 
which 90 m. pounds was assumed to be of medium variety and the rest of 
coarse variety. Domestic demand for the three varieties of cloth was estimated 
•1 
The amount of cotton in 1980-81 is estimated at 6„1 m bales .of which 0 . 7 7 5 . 0 0 0 
is assumed to be devoted for-exogenous, non-mill use. 
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for the base year 1975-76 and projected for 1980-81 with the help of 
p_ 
expenditure elasticities o I n i t i a l capacity estimates for spindles, rotors,., 
looms in large-scr-le industry and power looms were obtained from the Planning 
Commission» 
The input-output coefficients for yarn and three varieties of cloth 
have been taken from a study by one of the. present authors / A / . The finer 
is quality of cloth the lesser is the amount of yarn per yard .consumed< 
A pound of yarn (of the appropriate quality) produces. 3-25 yards of coarse, 
'f.l yards of medium and 6 . 0 yards of fine cloth. 
The output mix of textile industry is extremely heterogenous. Even 
i f we confine our attention to the two main products, cotton yarn and cotton 
cloth, a very large number of varieties are produced. The fineness of yarn is 
determined by the thickness of the thread and in technical language is 
identified with the number of. counts» The higher the count, the finer is the 
yarn? Yarn of .counts. 20 and lower is classified as "coarse" and the bulk Of 
cotton presently being-.produced in-and exported by Pakistan of the coarse 
2 
The total domestic availability of cloth for 1975-76 was obtained from 
the Planning Commission / as 1 .112 million yards. This was 
disaggregated into the three varieties of cloth according to the 
proportions 55,^-0 and 5. for coarse, medium and fine' cloth, respectively 
as given in / 11 / . These estimates were then projected for a popula-
tion of growth rate P.f 3 percent and expenditure elasticities of 9?.1°0 
and 1 . 3 for coarse, medium and fine cloth respectively. I n ' the absence 
of availability of direct estimates, ..the- expenditure elasticities of 
textiles for rural and urban households obtained from / 5 / for coarse 
and fine cloth, respectively and the weighted average of the two for 
medium cloth. 
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variety . Coarse y~;rn fetches lower prices than finer yarn, but per spindle 
more of it can be produced than the latter., The amount of yarn produced by 
1 
spindle per hour is inversely related tc yarn counts. We have distinguished 
between three varieties of yarn in the model and have assumed the following 
rates of output per spindle per hour. 
Coarse .35 l bs . per . shift (of 8 hours) 
Medium ,22 lbs . per shift (of 8 hours') 
Fine . 15 l b s . per shift (of 8 hours) 
Assuming that there will be an average of -1000 shifts per year, the 
corresponding output per spindle per annum is arrived at5 The co-efficients 
ay^k, ay^m and ay f are obtained by finding out the requirements of spindles 
per 1000 lbs . of ; arn of each variety. These are; 2 . 8 5 , ^-55 and 6 . 6 7 , 
respectively. It : s assumed that rotors produce thrice as much as spindles 
and since they are further assumed to produce only coarse yarn, r = .95° 
The varieties of cloth are almost infinite* they d i f fer not only in 
the counts of yarn used, construction structure (no. of warps and wefts) , 
width but also in colour and design. It would be .impossible for any model, 
however complicated, to take account of all these differences. For our simple 
model, we have distinguished on2y three varieties parallel with the varieties 
distinguished for yarn. The basis for the distinction has been the no. of 
picks per inch and the average count of yarn used i n ' i t s construction. 
Variety J^o*. P icks / in . Average oount 
Coarse k8 16 
Medium 6k 30 
Fine 80' kS 
1 The amount also depends, directly, on spindle speed which is a function of 
the modernity of equipment. 
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Coarse quality cloth is, generally, cheaper and heavier than finer quality 
cloth but more of it is produced per loom than finer quality cloth during 
a given period of time. The amount of cloth produced per hour is inversely 
related to the number of picks per inch. We have assumed the following rates 
of output per shift per loom for the different varieties . 
Per1 shift Per year 
Coarse ^ 7 . 6 19 yds ^+7,619 yds 
Medium 27 . 027 " 2 7 , 027 " 
Fine 20 . 0 00 " 2 0 , 0 0 0 " 
For small-scale (or power looms) which are assumed to produce coarse and 
medium cloth an annual rate of output of 25-, 000 yds is assumed allowing for 
a small number of shifts during the year. From the above estimates the 
following capacity co-efficients are derived: 
1, = . 021 , 1 = ,037, 1x. = . 05 , 1 = .0^0 
k m f s 
Employment Co-efficients 
The employment co-efficients for each of the production activities 
(k for producing yarn and for producing cloth) were derived i n the following 
way. It was assumed that one production worker could handle 400 Spindles and 
that three shifts operated i n a day.' Thus hOO spindles working for 1000 
shifts per year provided employment to three persons. The labour per spindle 
ratio is then multiplied by the spindle-output ratio derived earlier to get 
the labour-output co-efficient, i . e . 
L L S 
? X ~ S X " X " 
These labour-output ratios are inflated further to.take account of peripheral 
workers in each activity (by 1.7? i n case of coarse yarn and by 1 . ^ 5 for 
medium and fine yarn ) . The labour-output ratio for coarse yarn produced by 
rotors is assumed to be half that of coarse yarn produced by spindles . 
A similar procedure is adopted lor deriving the labour-output co-efficients 
for cloth production. It is assumed that each production worker can handle 6 
looms. The ratios thus obtained are raised by a third to take account of 
peripheral workers. The labour-output ratio for small-scale or power loom 
sector, which is.assumed to produce only coarse and medium cloth, is taken 
to be close to that of medium cloth production in large-scale sector on the 
assumption of its being more labour-intensive than large-scale uoarse 
production. 
Investment Co-efficients 
The model being an optimising projection model, require final 
demand at the end of five years to be met through augmentation of existing 
capacity. Yarn making capacity can be augmented through investment in either 
spindles or rotors (for coarse yarn only) . Cloth making capacit;* can be 
increased through investment in imported looms (by large-scale sector only) 
and locally manufactured looms(whose capacity is l imited) . The per unit cost 
of investment (including non-plant investment) is derived from the Planning 
Commission based on feasibility studies _ J ° 
Export Prices 
The data of export prices has been provided by the Export Promotion 
Bureau. Export prices of cotton and its products fluctuate widely. We have 
constructed four hypothetical price vectors from the data provided by them. 
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The "high" price vectors assume the raw cotton price to be i 233 °2 sets 
prices of yarn and cloth, by varieties have been combined with these 
assumed prices of raw cotton. 
nr.-RESULTS 
The three objective functions used in the model, in general, 
yields different results . . I n order to make the results of different 
objective functions comparable we have to hold certain strategic variables 
at a given level . This enabled us also to observe the trade-offs between 
the three aggregate resources, v i z . employment, exports and investment, 
which the model seeics to optimize. The comparisions between the' results 
of the three pairs of comparison are arranged and specified as follows: 
Group Functions 
A Max. Employment 
and Min. Investment, 
Additional Constraints 
x = 2 , 5 , ( 1 . 5 , 1 . 0 ) 
y 
Max. Employment 
and Max. Exports, 
I = 10,000 (8,000, 12,000 
Max. Exports and 
Min. Investment. 
E = 1 8 0 , 0 0 0 ( 1 5 0 , 0 0 0 ) 
The rationale for additional constraints has been explained in 
general terms in the above. For group A solutions, comparing the objective 
of maximising employment and minimising investment, the two additional 
constraints are intended to keep total exports equal to the level targeted 
by the Planning Commission fUS$ 1120 m) and to prevent excessive changes 
in the processing of raw cotton. I f these constraints were removed, the 
solutions to the investment objective function would tend to yield•rather 
low exports and, for any given level of export target, would tend to give 
a high figure for cotton exports. On the other hand, the solutions to the 
employment (maximizing) objective function, would yield very high total 
export f igures . For Group B, the additional constraint is a ceiling on 
investment. For Group C, the additional constraint is on-employment.. 
For the sake of simplicity, only results relating to only one 
assumption about the product composition of the small-scale industry, viz 
the proportion of coarse cloth to total output in small-scale industries 
is assumed to be 0 . 5 although we have obtained results for other: assumption 
as well' ( v i z . . = 3 and 1 . 0 ) . 
I n each Table four solutions for each of the objective functions 
is obtained. These correspond to a different set of export prices for the 
seven major export commodities given below: 
Price 
Ve ctor 
Price of 
Cotton 
per bale 
Price of • 
Coarse 
Yarn 
(per l b . ) 
Price of 
Medium 
Yarn(per 
lb.) 
•Price of 
Fine Yarn 
(per l b . ) 
T 
Price 
of 
Coarse 
Cloth 
(per yd . ) 
Price 
Medium 
Cloth 
(per 
y d . ) 
Price 
of . 
fine 
oloth 
(per yd . ) 
'us $ 
! 164.0 .63 .69 .90 .20 .24 »29 
P2 
164„* • 50 • 55 .86 .20 .20 o29 
235-2 .63 .69 .90 .20 .24 ^29 
235 .73 °79 • .96 .35 .40 . 45 
The results are insensitive .to .changes i n export prices i n a .number of cases, 
i . e . different price vectors yield the same optimal solution. This is 
generally so when the investment or employment constraint i:s used. 
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Group A Solutions .. 
For both sets of solutions in Table 1, the highest investment is 
obtained for P price vector, i , e . when both raw cotton and yarn and cloth 
prices are relatively low. When raw cotton prices rise the investment 
requirement i n both solutions fall-almost precipitously, in the investment 
minimising solution. I n terms of product mix, export camposition and 
investment pattern the two sets of solutions show marked differences . I n 
the employment objective function all coarse yarn production is spindle 
based, whereas in the investment minimising functions spindles are used to 
produce coarse, yarn only when, cotton prices are high (and hence relatively 
low export of yarn and cloth'are required to meet the export target) . In 
the latter case expansion in yarn production capacity is achieved mainly 
through increase i n rotors, while in the investment minimisation case 
capacity expension is never recommended foi;. small scale industries . In 
the employment maximization case capacity expension is recommended for 
small scale industries inmost solutions. Small scale industry output and 
investment rises to the highest feasible level , i . e . 1750, i n most cases, 
implying that, i n addition to full util ization of existing capacity, the 
entire output of the domestic looms producing- industry is used to increase 
.the capacity in the.powerlooms sector. 
Pattern of Export 
The pattern of export varies from solution to solution. But most 
solutions indicate .export"of fine cloth. In all solutions with low price 
of cotton ( 1 6 4 . 0 ) exports.of fine cloth are indicated. They contribute more 
than 50/o of total export receipts in case of investment minimizing functions. 
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I n case of employment maximizing function both medium and fine cloth exports 
are recommended at the two price vectors with low raw cotton price . For the 
most favourable price vectors, the investment objective function solution 
switches from exports of fine cloth to that of coarse cloth, while the 
solutions of substitute the export of medium cloth by fine yarn. In the 
employment maximizing function/other high price vector ^ ^ the employment 
maximizing solution show medium and coarse cloth exports. The amount of 
export of cotton manufactures fall as the price situation become more favour-
able (the export target being fixed i n value terms). In the investment minimiz-
ing solutions, exports of coarse yarn are shown at a positive level in all 
cases, while i n the employment maximizing solutions only one solution shows 
esports of yarn and that of the highest quality. T h u s i n general, the employ-
ment maximising solutions show the highest degree of processing. 
Investment pattern 
The pattern of investment in various solutions is closely related to 
their output mix and export composition. Since investment in rotors costs less 
than in spindles (per unit of output of yarn) and since rotors are specific to 
coarse yarn production, the investment minimising solutions require the install-
ation of rotors and some export of coarse yarn. Spindleage capacity is installer-
only when the export of cloth has to be 'at a substantially high level . 
For Group A, we have obtained solutions for three levels of exports 
raw cotton ( 2 . 5 , 1 . 5 and 1 . 0 rn ba les ) . These are presented in Tables 1-3 
respectively. The result of these solutions, not unexpectedly, show that as 
the level of exports of raw cotton is progressively raised, investment require-
ments in both sets of solutions f a l l . Thus, in the investment minimizing 
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solutions the investment requirements for the most favourable export price 
case (P^) fall from Rs .13 )366 .57 m, when-only lm. bales of raw cotton is 
required to be exported, to Rs . 9 , 354 . 64 when raw cotton exports are 2 . 5 m 
bale drop in exportsi of raw cotton necessitate an increase of Rs .4 , 000 in 
worth of investment. A similar drop in the amount of cotton exported, 
requires ah increase of Rs .8 , 000 m worth of investment in the employment 
maximising case. 
However, the output, export and investment mix of Group A solution 
does not change much with the change in the level of raw cotton exports. 
Due to a fixed limit on total exports (which acts a s ; a ceiling for the 
employment maximising and as a floor for the investment minimising solutions), 
lower cotton exports imply a lower degree of processing of exports. 
The imposition of on overall export constraint simultaneously with 
a constraint on the amount of raw cotton exports (when the constraints act 
alternatively as a ceiling and as floor in each of the objective functions) 
gives a certain degree of rigidity and artificality to the results. We 
therefore, decided to have solutions which would, allow only one of the two 
export constraints to be binding. The results of this exercise for (minimum) 
export of raw cotton at 2 . 5 , 1 . 5 and 1 . 0 and overall export of 1120 m $ are 
given in Tables 4-6. For investment minimising solutions, cotton exports are 
always above the required minimum (they are 2 . 9 8 m bales when cotton prices 
are low and 3 .44 m bales when cotton prices are low and-:3»44 m bales when 
cotton prices are high) while total exports are must equal to the required 
minimum' ($ 1120 m). For employment maximising solutions the reverse situation 
holds (they range from if 13036 to 1 9 7 4 . 7 ) . 
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What is more interesting, however, is .that with this change in the 
form of constraints both objective functions yield fine' cloth as the only 
(or the most preferred) processed- export. I n the investment minimising 
solutions some export of fine yarn is indicated at the more favourable sets 
of export prices . However, i f the overall export target were raised, the 
solution would again favour fine cloth exclusively. 
Group B 
I n this Group (See Tables 7-9) solutions have been obtained by 
fixing investment at a given level . Exports and employment have been allowed 
1 
to vary freely. The results of the solution are hot very differentc Since 
there is no export const raint, the employment solution are not? affected by 
differences i n export prices . The export objective' function, does however, 
depend on prices . But all the four set of prices produce identical solutions, 
for any given level of investment. 
There is only one significant difference between the solutions to 
the export and employment objective functions. This relates to the production 
of coarse yarn. Although both sets of solutions give identical amount of 
production of coarse yarn, the export solutions show that, coarse yarn is 
produced only by rotor .(the open end method) whereas in the employment 
solution it. is produced, by rotors' only to the-extent. of existing rotors 
capacity - the remainder being produced by the traditional method of 
spinning by .spindles. .Since spindles cost more than r6tors- to produce the 
same amount of output, in the,employment solutions less of the fixed invest-
ment sum is left for investment.in looms. As a result, the output and exports 
1 However, in.Group B and C solutions of export^ of cotton have been 
constrained,to be, at . least , one million bales. This constraint was 
binding in only one case. 
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of cloth, in this set of solutions are lower than those for export 
maximising solutions. The employment solutions also process .01 million 
bales-of cotton loss than the export solutions and to that extent their 
export of raw cotton is higher. The export maximising solutions, on the 
other hand, show larger export of fine cotton cloth and more investment 
in looms as compared to the employment solutions. 
In other respects the two sets of solutions show striking similar-
i t i e s . Small-scale cloth production in both sets is at the maximum level 
permitted by existing loomage, but no further expansion of capacity is 
indicated in either set of solutions. In both sets of solutions the only 
exports are cotton and fine cloth - no exports of any commodity at any of 
the intermediate processing stages is indicated. 
For the solutions i n this Group (B) of our model, three different 
levels of investment coiling were imposed - v iz . R s . 8 , 0 0 0 m. , Rs . 1 0 , 0 00 and 
Rs . 1 2 , 0 00 million (and are shown separately in Tables B-1, B-2, B-3, 
respectively) . The optimal basis of the two objective functions does not 
change with changes in the levels of the investment ceil ings . However, the 
variation in these ceilings enables us to determine the trade - off ratios 
between investment, export and employment'in this Group of solution. 
F F 
Employment Obj . n. & Exports Ojectives n . 
I I . <J 
Employment Exports Employment Exports [ 
1 = 8 , 0 0 0 163 ,9^3 
P-I P-2 P-3 P-4 
159 ,643 
P-I . P-2 P-3 P-4 ; 
1113 1113 1325 1669 1117 1117 1380 
1775 
L 
1 = 10 , 000 178 ,224 1174 1174 1174 1766 173 ,925 1179 1179 1380 
1 = 12 , 000 192 ,506 1236 
, , 
1236 1427 1866 188,206 1240 1240 
u » J 
1430 
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Thus an increase of 2 , 0 0 0 m rupees in investment gives an increase 
of 14 ,282 jobs i n each case, i . e , the marginal capital-labour ratio is 0 o l 4 m . 
rupees. The investment cost of a million dollars of "export promotion on the 
other hand, is R s . 3 2 , 8 m . , i . e . the incremental capital -output ratio i n 
export promotion is about 3-28. 
Group C 
The solutions in this Group (see-Tables 10 and 11) minimise investment 
and maximise exports subject to an overall, employment constraint (The ceiling 
for the l a t t e r ) . 
In this also, the optimal bases for the two objective functions remain 
unchanged for all four sets of export- prices (the investment model does not 
depend on them). The solutions to the investment minimising and exports maximiz-
ing objective functions differ i n important respects.-.- In the investment minimis-
ing function a slightly lower amount of raw cotton i s exported in these solutions 
However, it favours the production of coarse -yarn through increase in spindle 
rather than rotor capacity. This may seem surprising since rotors are less costly 
per unit of output than spindles and in Group A results , the investment minimis-
ing solutions generally favour the installation of rotors. However since in the 
present case, the employment targets are high ( 180 ,000 and 150 , 000 ) and no 
export targets are imposed the investment solutions- find it cheaper to provide 
targeted/employment" by switching from rotors to spindles, rather than by 
increasing employment through installation of more looms. The export maximising 
functions, on the other hand, favour the entire production do not recommended 
any expansion of small-scale production capacity thoy do favour the util ization 
of existing capacity. Both sets of solutions," however, favour the export 
of fine cloth Only among the processed products'of cotton. 
I V , The Search for Realism 
In the preceding section a variety of solutions were presented 
corresponding to the different objective functions and c o n s t r a i n t s I n 
general the investment minimising solutions yield low values fox" exports 
and employment, while the export and employment maximising solutions 
yield rather high values for investment-though . the differences between 
the two sets of solutions for exports and employment, for given levels of 
investment, are rather small. We have conducted a limited amount of 
sensitivity analysis on the model to generate solutions which could be 
used to find what are the realistic limits of the different constraints 
and to what extent the different objectives .are in conflict with each 
other or help to reinforce each other. This , on the other hand, will help 
to narrow down the search for an optimal solution which would be satisfactory 
to the policy maker from the different points of view i . e . which would be 
optimal for all three objective functions. 
I n order to get some idea of the degree of reasonableress of the 
various solutions, it is helpful to look at some of the relevant targets set 
by the Pakistan Planning Commission for achievement during the Fifth Five 
Year Plan (1975-1976 to 1980-81) - the period to which our model calculations 
correspond. The Planning Commission gives the following export targets for 
1980-81„ 
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Value (US .0 
Quantity Price Millions 
Raw Cotton 1 . 4 ? .(Million 235*2 (US $ 345-7 
bales ) bale) 
Yarn 465 . 0 0 ( Million =78 (US <J/ 362 . 7 
Pounds) Pounds) 
Cloth 1030 (Million . 40 (US %/ 412 
Yds . ) Yards) 
TOTAL : 1120 .4 
In addition, the Planning Commission estimates domestic requirements 
of cloth at 1690 m. yards (which compares with our estimate of 1 9 6 1 m yards) . 
In order to meet this increase in export and domestic demand, the Planning 
Commission further estimates the amount of investment i n the textile industry 
an addition of 900 , 000 spindles and 3 0 , 0 0 0 looms - of which 2 0 , 0 0 0 are to be 
1 
produced domestically. The Planning Commission does not give a direct estimate 
of the amount of employment which would result from the increase in domestic 
and export demand But the increase in employment can be estimated on the basis 
of the coefficients derived by us in an earlier section (see Section I r . This 
gives an estimate of 10 ,250 additional workers in spinning and 2 0 , 0 0 0 additional 
workers in weaving. This compares with our estimates of 4 0 , 5 0 0 workers employed 
in spinning and 53 , 000 employed in weaving in the base year 1975-76 - or 
roughly an increase of one third . 
1 
The Price of an imported loom is R s . 6 5 and that of a domestically 
produced loom is R s . 2 0 . 
* 
A bale of cotton weighs 392 pounds. 
^ We assume that each production worker in spinning con handle 400 
spindles . Thus an addition of 9 0 0 , 0 0 0 spindl ,s will provide employment 
to 7 , 5 0 0 additional workers ( in 3 shi fts ) i n spinning, which may be 
inflated by 50$> to take account of perepheral workers. 
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I f we assimilate the assumptions of the Planning Commission with our 
model they bear close resemblance to the investment-minimising solution i n 
Table 2 for price vector P4, giving the minimum value of investment during the 
five year period as R s , 2 , 8 7 0 u . 
The solution which favours the export of coarse cloth and coarse 
yarn meets the overall export target of 4 1120 m and an export of 1 . 5 m bales 
of raw cotton. However, the employment increase implied by this solution is 
1 
only 9 , 7 0 0 or only 1C^ increase during the five year period . The solution 
however, does not produce maximum employment or exports - which would no 
doubt be des irable 'object ives . I f these objectives were used employment could 
J r 
rise by more than 200 percent and export could almost double. This leads us 
to conjecture that either the Planning Commission export price forecasts are 
too optimistic or i ts targets for total exports' are too low. At less favourable 
prices , even the minimum investment requirements are very h igh . They rise to 
Rs . 7320 m. i f the raw cotton prices remain at :'• 235»2 per bale , but prices of 
yarn and cloth do not rise as much. The minimum investment levels rise to 
R s . 1 0 , 2 9 2 m. and R s . 1 2 , 0 2 9 m. i f raw cotton price remain at their base-year 
level $ 1.64,00 per bale) accompanied by high ana low prices of processed goods, 
respectively . 
Our limited exercise i n sensit iv ity analysis show that the objective 
of investment minimization is a.poor choice, from the point of view of realiz-
ing the potential of the' textile industry i n terms of i ts contribution to 
exports and employment. Our optimization model also shows that investment 
1 
The low employment increase is due to the fact that the investment 
minimising solution favour the use of rotors i n the production of 
coarse yarn and the export of less labour-intensive coarse cloth. 
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optimizing solutions are very sensitive- to price assumptions about the 
export market. Since export prices are subject to a considerable degree 
of fluctuations and uncertainty it would seem inadvisable to do invest-
ment planning on the basis of a single price assumption. Also investment 
minimization solutions prove rather unsatisfactory from the employment point 
of view. 
Although investment minimization i tsel f may not be a very desirable 
objective i n i t s e l f , planners cannot be oblivious of the investment implica-
tions of the other two objectives, v i z , exports and employment, however 
attractive they may seem to be. It would be, therefore, desirable to 
impose upper limits on the volume of investment..We have chosen three such 
limits ( R s , 8 , 0 0 0 ;i„, 10 ,000 m and 12 , 000 m) / " s e e Tables 7., 8 and 9 
In a similar way it would be desirable to impose upper limits on employment 
and exports. For ^employment, we have used two ceilings, i , e , 150 ,000 and 
180 , 000 . For exports, only one ceiling, i , e , $ 1120 m based on Planning 
Commission's estimates was used (this was compensated by use of four price 
vectors) . In all solutions exports of cotton were assured to be, at least , 
equal to 1 m bale. 
The solutions to the three different objective functions when 
employment and investment are set at a fixed level give us some idea of 
'1 
the region of feasibility for our model. An employment target of 150.000-(or 
r • •] 
about 60% in five years) and an investment target of R s . 8 , 0 0 0 m . seem to be 
reasonable. The investment minimizing solution, when employment is constrained 
to be 150 , 000 (Table 10) gives an investment outlay of R s . . 
1 
FA0 Report / 4 / p . 2 3 estimates an investment of R s , 7 , 0 0 0 m. 
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However, the export'receipts of the both solutions are loss than S 1120 m. 
at the two lower set of prices, when the investment ceiling of E s . 8 , 0 0 0 m. 
is put on solutions with employment and exports objective functions (Table 9 ) » 
The latter almost ful-fill the export target of 1120 m. dollars even at the 
lower set of prices and although employment generated is lower than that in 
the employment solution it is well above 150 ,000 ( 156 ,966 to be exact ) . . 
The satisfaction of a minimum employment target has an implication 
for the product mix for all objective functions, including investment mini-
mization.. All solutions favour the export of fine cloth as the only manu-
factured export. Both the employment and the investment ceilings result in 
high levels of raw cotton exports in all solutions (ranging from 2 . 7 5 to 
3„15 m. ba les ) . With these ceilings, however, the' total export targets are 
higher than 1120 m. when export prices are relatively high . A fixed export 
target, on the other hand, forces down the level of investment and employment 
when prices are favourable. It seems unlikely that public policy would abstain 
from taking advantage of favourable world price situation to expand output, 
employment, investment and export. 
The solutions corresponding to a fixed export target ( in dollar 
values) are the only ones which favour the export of coarser varieties of 
yarn and cloth, especially when the objective function is to minimize 
investment. This corresponds also to the actual situation prevailing in 
Pakistan. There is considerable evidence that the output and .export mix 
of the Pakistan textile industry has• been changing in'favou'r of coarser 
1 ' 
varieties . The reason for this are manifold-capacity taxation, fear of 
labour trouble, assured markets for inferior varieties, lack of enterprise 
1 / 4 - 1 / bringi this out very clearly. 
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etc . It is possible that in the short-run it may not be easy to change 
the sub-optimal mix currently being produced by the Pakistan oo.tton 
textile industry, but i n the long-run it should be possible to effeot 
changes i n public policy so as to bring the product•and export 
mix closer to the optimal one. 
V. Extensions and Improvements 
We have discussed the characteristics of various solutions in 
the previous section and have compared them with the Planning Commission's 
estimates. It is now tempting to ask whether we can arrive at a solution 
which would, simultaneously, satisfy the various constraints introduced 
for the sake of realism and- Would be optimal from the point of view of the 
three objective functions. A number of iterative algorithms have been 
developed to solve such multiple objective linear programming problems 
/ 2 / . However, these algorithms involve considerable use of human judge-
ment for deriving a weighting system for the different objective functions. 
We provide some illustrative -examples of the use of such a method for our 
programming problem. The actual use of these methods depends on the planner's 
judgements about the basic constraints and the relative priorities attached 
to the different objectives. 
Another use of the model is in terms of. the trade-off ratios between 
the various aggregative resources in the model., viz employment, exports and 
investment. These are shown in Table 12 for different pairs of solution. These 
ratios give the marginal rates of substitution between different resources 
under a specific set of constraints (or regime). For any given objective 
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function, the model also give's the shadow prices of different capacity 
(and others) constraints of the model- Their interpretation can be obtained 
in any standard1 treatment of linear programming theory. The values of the 
dual varia les for a selection of the problems and their interpretation is 
also given in an Appendix. 
The model presented above i s , inevitably.,. a. simplified version of 
reality . Only three varieties each of yarn and cloth are distinguished, while 
raw cotton is assumed to be completely homogeneous. Only two major activities 
of the cotton textile industry, v i z . spinning and weaving, are taken into 
account while finishing and dyeing-which contribute to considerable value 
added and employment - have-been omitted. This leaves out from the realm of 
investment choice the activity of "balancing and modernization" which is often 
considered to be more important than capacity expansion in spindles and looms. 
The model also does not extend i tsel f to cover garment manufacturing, which 
could become a major source of augumenting employment and exports. However, 
none of these aspects is beyond the reach of the present model and given more 
time and sufficient data most, i f not a l l , of them could be incorporated in 
the model. 
Although the model suffers from the above mentioned defeats it is 
capable of being used to answer policy questions regarding production, export 
and investment choices in the textile industry. The model points out the range 
of choices available to the planner but leaves it to his judgement the final 
choice which depends on his vision of the l ikely state of affairs in the future 
and the relative priorities of different economic objectives. I n the particular 
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case of the current state of textile industry in Pakistan, the model shows 
that the present mix of production, export and investment is substantially 
sub optimal and that the industry is capable of substantially raising its 
export and employment targets within reasonable limits of investment . 
However, we would like to caution that the model in its present form' should 
not be expected to provide detailed policy guidance ' . 
Our estimation of many of the parameters and exogenous variables of 
the model has been almost cavalier. We have relied on the best technique 
information available . However, not being engineers or technologists ourselves, 
we have not always been in the best position to sift the some time widely 
varying estimates of the different coefficients . We hope that the Cotton Textile 
Research Centre in Karachi, which is currently undertaking a survey on many 
of these aspects, will be able to provide more robust estimates. One aspect of 
the model, which-leeds further detailed research, is in regard to the imposi-
tion of realistic export constraints based on the analysis of the demand for 
different varieties products in abroad market areas. 
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